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FOREWORD
This report documents the work accomplished during NASA LeRC Contract No.
NAS3-21238. It was the purpose of this contract to develop a supervisory
computer program which would tie together the routines (either presently
existing or to be developed) to access the installation of a propulsion








Task A - Data Base
Task B - Supervisory Program
Task C - Nacelle Weight and Drag
Task D - Nozzle Boattail Drag
Task E - Pitot Inlets
Task F - Two-Dimensional Inlets
Task G - Axisymmetric Inlets
In TASK A, standardized formats for:
o Inlet performance and drag
o Nozzle internal performance and afterbody drag
were compiled for the data base described in this contract. In TASK B, a
supervisory computer program was developed which evaluates the
installation penalties associated with the inlets and nozzles of TASK A.
The NASA NAVY Engine Program (NNEP), modified through the contract
NAS3-21205 to predict bare engine weight, was used as this computer
program's driver routine. The supervisory computer program also has the
capability to determine the changes in inlet performance due to
perturbations in engine cycle characteristics and/or inlet design
parameters. In TASK C, computer procedures were developed for estimating
nacelle weight and drag. In TASK D, a computer procedure was developed
for estimating boattail drag for the nozzle data base of TASK A. In TASKS
E, F, and G, a theoretically-based computer procedure was supplied to
estimate conceptual design, performance and weight for pitot inlets, mixed
and external compression axisymmetric and two-dimensional inlets.
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2.0 NNEP ENGINE PERFORMANCE MAPS
2.1 Engine Performance Map Format
2.2 Engine Tables Used by NNEP
3.0 INLET AND NOZZLE/AFTBODY PERFORMANCE MAPS




3.3.1 Inlet Derivative Parameter Cards
3.3.2 Afterbody Derivative Parameter Cards
3.3.3 CFG Derivative Parameter Cards
3.3.4 Delta CD and Inlet (Short Form) Derivative
Parameter Cards
Non-Changeable Parameters
3.4.1 Inlet (Long Form) Non-Changeable Parameters
Card
3.4.2 Afterbody Non-Changeable Parameters Card
3.4.3 CFG Non-Changeable Parameters Card
3.4.4 Delta CD and Inlet (Short Form) Non-Changeable
Parameters
NNEP Engine Performance Data Base
Inlet and Nozzle/Aftbody Data Base
3.5 Map Table Format .....
3.5.1 Inlet Maps (Long Form)
3.5.2 Nozzle/Aftbody Maps
3.5.3 CFG Map
3.5.4 Delta CD Map
3.5.5 Inlet Maps (Short Form)
































4.2.1 Inlet Configurations and Maps
4.2.1.1 Inlet Configuration A7 - Subsonic
Chin Inlet
4.2.1.2 Inlet Configuration F8 - Supersonic
Chin Inlet
4.2.1.3 Inlet Configuration M5SUB - Subsonic
Fixed Lip Inlet
4.2.1.4 Inlet Configuration MgSUB - Subsonic
Blow-in Door Inlet
4.2.1.5 Inlet Conffguration NS - Supersonic,
Normal Shock Inlet
4.2.1.6 Inlet Configuration NS2 - Supersonic,
Normal Shock Inlet
4.2.1.7 Inlet Configuration LWF - Fixed
Geometry, Two-Shock Inlet
4.2.1.8 Inlet Configuration ATS2 - Variable
Ramp, Four Shock, Two-Dimensional,
External Compression Inlet
4.2.1.9 Inlet Configuration ASF - Four Shock,
Variable Geometry, External Compression,
Two-Dimensional Inlet
4.2.1.10 Inlet Configuration VSTOL - Half Round,
External Compression Translating -
Spike Inlet
4.2.1.11 Inlet Configuration NVSTOL - Half Round,
Expanding Centerbody, Three Shock,
External Compression Inlet




















4.2.1.13 Inlet Configuration FB - Mixed 219
Compression, Two-Dimenslonal, Variable
Geometry Inlet
4.2.1.14 Inlet Configuration INT - Mixed 237
Compression, Variable Geometry,
Two-Dimensional Inlet
4.2.1.15 Inlet Configuration M352D - Mixed 255
Compression, Variable Geometry,
Two-Dimensional Inlet
4.2.1.16 Inlet Configuration AST - Mixed 273
Compression, Axisymmetric, Translating-
Centerbody Inlet
4.2.1.17 Inlet Configuration NASA3 - Mixed 291
Compression, Axisymmetric, Translating-
Centerbody Inlet
4.2.1.18 Inlet Configuration BCAC35 - Mixed 307
Compression, Axisymmetric, Translating-
Centerbody Inlet
4.2.1.19 Inlet Configuration R2DSST - Mach 2.2, Mixed 325
Compression, Variable Geometry, Two-
Dimensional Inlet










Single Round CD Nozzle Installation - 208NTTY 351
Twin Round Configuration - CD2R 355
Single Round Plug Nozzle Installation - DRPI 359
Twin Round Plug Nozzle Installation - DRP2 363
Single CD, 2-D Nozzle Installation - DCD2DI 367
Twin CD, 2-D Nozzle Installation - DCD2D2 371
Single 2-D Wedge Nozzle Installation - SING2D 375







4.2.2.9 ADEN Nozzle Installation
Nozzle Internal Configuration CFG maps
4.2.3.1 Nozzle Configuration CVI
- Axisymmetric,Convergent-Divergent
Nozzle
4.2.3.2 Nozzle Configuration CVRP -
Axisymmetric,Plug Nozzle
4.2.3.3 Nozzle Configuration CV2DCD - Two-
Dimensional Convergent-
Divergent Nozzle
4.2.3.4 Nozzle Configuration CV2D - Two-
Dimensional Wedge Nozzle
4.2.3.5 Nozzle Configuration ADENGFG
- 2D ADEN Nozzle
Delta CD Maps
4.2.4.1 Delta CD Configuration ADPRCOR













































Matrix of Inlet Maps 49
Sources of Data for Inlet Maps 50
Derivative Parameter Summary of Baseline Inlet 51
Configurations
Representative Spectrum of Inlets 53
Subsonic Chin Inlet 55
Performance Characteristics for Inlet Configuration A7 56-59
Supersonic Chin Inlet 65
Performance Characteristics for Inlet Configuration F8 66-70
Subsonic Fixed Lip Inlet 77
Performance Characteristics for Inlet Configuration M5SUB 78 -82
Subsonic Blow-ln Door Inlet 89
Performance Characteristics for Inlet Configuration M950B 90-93
Supersonic Normal Shock Inlet (First Version) 99
Performance Characteristics for Inlet Configuration NS 100-104
Supersonic Normal Shock Inlet (Second Version) 111
Performance Characteristics for Inlet Configuration NS2 112-115
Fixed-Geometry Two-Shock Inlet Design for Mach 1.60 121
Performance Characteristics for Inlet Configuration LWF 122-131
Mach 2.0 Four-Shock Variable Geometry Inlet 139
Performance Characteristics for Inlet Configuration ATS2 140-146
Mach 2.5 External Compression Inlet 155
Performance Characteristics for Inlet Configuration ASF 156-162
Supersonic (M =1.60) Half Round Inlet 171
Performance Characteristics for Inlet Configuration VSTOL 172-179
Half Round External Compression Mach 2.0 Inlet 185
Performance Characteristics for Inlet Configuration NVSTOL 186-193
Half Round External-Compression Inlet for Mach 2.5
Performance Characteristics for Inlet Configuration TMIB3
Mach 2.5 Mixed-Compression Two-Dimensional Inlet


































Mach 3.0 Mixed-Compression Two-Dimensional Inlet
Performance Characteristics of Inlet Configuration INT
Mach 3.5 Two-Dimensional Mixed-Compression Inlet
Performance Characteristics of Inlet Configuration M352D
Mach 2,35 Mixed-Compression Axisymmetric Inlet
Performance Characteristics of Inlet Configuration AST
Mach 3.0 Axisymmetric Mixed-Compression Inlet
Performance Characteristics for Inlet Configuration NASA3
Mach 3.5 Axisymmetric Mixed-Compression Inlet
Performance Characteristics for Inlet Configuration BCAC35
NR 2-D SST Inlet
Performance Characteristics for Inlet Configuration R2DSST
Matrix of Nozzle/Aftbody Maps
Summary of Nozzle/ Aftbody Configurations and Drag Maps
Derivative Parameter Summary of Baseline Nozzle/Aftbody
Configurations
Nozzle/Aftbody Area Distribution for a Single Round CD
Nozzle Installation - 208NTTY
Drag for a Single Round CD Nozzle Installation - 208NTTY
Nozzle/Aftbody Area Distribution for a Twin Round CD
Nozzle Installation - CD2R
Drag for a Twin Round CD Nozzle Installation - CD2R
Nozzle/Aftbody Area Distribution for a Single Round Plug
Nozzle Installation - DRPI
Drag for a Single Round Plug Nozzle Installation - DRPI
Nozzle/Aftbody Area Distribution for a Twin Round Plug
Nozzle Installation - DRP2
Drag for a Twin Round Plug Nozzle Installation - DRP2
Nozzle/Aftbody Area Distribution for a Single 2-D CD
Nozzle Installation DCD2DI
Drag for a Single 2-D CD Nozzle/Aftbody Installation
-DCD2DI
Nozzle/Aftbody Area Distribution for a Twin 2-D CD











































Drag for a Twin 2-D CD Nozzle Installation - DCD2D2
Nozzle/Aftbody Area Distribution for a Single 2-D Wedge
Nozzle Installation - SING2D
Drag for a Single 2-D Wedge Nozzle/Aftbody Installation
- SING2D
Nozzle/Aftbody Area Distribution for a Twin 2-D Wedge
Nozzle Installation - ATS2DM3
Drag for a Twin 2-D Wedge Nozzle Configuration - ATS2DM3
ADEN Nozzle/Aftbody Area Distribution - ADENAB
ADEN Aftbody Drag Map - ADENAB
Derivative Parameter Summary of Baseline Nozzle CFG
Configurations
Gross Thrust Coefficient for a Round CD Nozzle - CVl
Gross Thrust Coefficient for a Round Plug Nozzle - CVRP
Gross Thrust Coefficient for a 2-D CD Nozzle - CV2DCD
Gross Thrust Coefficient for a 2-D Wedge Nozzle -CV2D
Gross Thrust Coefficient for ADEN Nozzle - ADENCFG


















A Area, ft2 (m2)
AC





° I °BL D
AOBLD
Freestream tube area of bleed air
entering the inlet, ft 2(m2)
A
°Byp
Free stream tube area of bypass air
entering the inlet, ft2(m 2)
Ao E
Free stream tube area of engine demanded
air entering the inlet, ft2(m 2)
Ao I









SYMBOLS AND NOMEH_:LATURE (Continued)
A
W Wel)e(l area, ft2(m 2)
Al0 Maximum cross sectional area, ft2(m 2)
CD Drag coefficient
CFG No2rle gross thrust coefficient
Cp Pressure coefficient
CO Angularity loss coefficient
CDpA P
Incremental drag coefficient due to tail
fore-and-aft location
CDR








SYMBOLS AND NOMENCLATURE (continued)
h Height,ft(m)
IMST Integral mean slope parameter, truncated
IO








Dynamic pressure, Ibf/ft2(Nt/m 2)

















6 Pressure ratio - P/2116.2
Subsonic duct loss coefficient
Ratio of specific heats
0 Temperature ratio - T/518.688
E)DIV Divergence half angle
E)N Wedge half angle (2D nozzle)
xvi
SYMBOLSANDNOMENCLATURE(continued)
E)p Plug half angle (round nozzle)










































An essential element of this computer code is the use of two data base
files to represent the engine and the inlet/nozzle/aftbody performance
characteristics. This volume of the contract document contains the
existing library of performance characteristics for inlets and
nozzle/aftbodies and an example of the I000 series of engine data tables,
_'_" " 2
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2.0 NNEP ENGINE PERFORMANCEMAPS
The user has the option of utilizing tabular data to define input
variables for engine components. They need only insert the desired table
number in the respective DATINP variable location and the tabular values
will be used during the program execution. The Engine Performance Maps
are in card image format and coupled to the program load module with the
following DD statement:
//FTIZFOOT DD DSN = (data set name of engine map), DISPOLD
2.1 ENGINE PERFORMANCEMAP FORMAT
Consider the TABLE DATA as three dimensional, composed of a series of
planes with each plane assigned a value called Z. Then, on each Z plane,
the Dependent Variable (ordinate axis), F(X,Y,Z=Constant) is a two
dimensional Function of X, (absicca axis or column position) and Y (row
position).
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Each TABLE representing a single Table Look-up has the following INPUT
DATA CARD Setup.
Card I TABLE Reference Number (Integer, col 2-5)
TABLE Identification Label, col 6-75)
Card 2
Card 3
Z-ldentifier (4 Character Symbol, col I-4)
NZ-Number of Z values (Integer, col 6 & 7)
Z-Variable values,7FlO., Beginning in Column 11.
extra cards follow 10X,7F10. Format.
Z values MUST be in ascending order.
Y-Identifier (4 Character Symbol, col 1-4)
NY-Number of Y values (Integer, col 6 & 7)
Y-Variable values,7FlO., Beginning in Column 11.
extra cards follow 10X,7F10. Format.





X-Identifier (4 Character Symbol, col 1-4)
NX-Number of X values (Integer, col 6 & 7)
X-Variable values,TFlO., Beginning in Column 11.
extra cards follow 10X,TF10. Format.
X values MUST be in ascending order.
If needed,
FgX,Y,Z)-Identifier (4 Character Symbol, col 1-4)
NX-Number of X values (Integer, col 6 & 7)
F(X,Y,Z)-Variable values,7FlO., Beginning in Column 11. If
needed, extra cards follow IOX,7F10. Format.
These Values correspond to the values on the X Identifier Card.
Last Card 3 Character Symbol EOT in col 1-3
The remaining cards follow the same basic format as the cards before. The
first X and F(X,Y,Z) cards are for the first Y value in the first Z
plane. This series of Card 4 & 5 types is repeated for each Y value until
the Y values in the first plane are exhausted. Following this last
F(X,Y,Z) identifier is the Y identifier card (type 3) with the next Y
values for the second Z plane. This series is repeated for the remaining
Z planes. In each plane where X variable values are not changing, once







NZ, NY, and NX may not be blank or zero
30 TABLES Maximum
NZ, NY, and NX are limited to I00 or less
A zero or blank table reference number will halt the read
A storage overflow message will result if TABLE storage exceeds
limits set in TREAD Subroutine.
SAMPLE MAP
BETA 2 40. 60.
RPM 3 I00. ii0. 140.
PR 4 1.1 1.3 1.4 2.0
EFF 4 0.8 0.82 0.82 0.81
PR 3 I .I 1.8 1.9
EFF 3 0.8 0.83 0.82
EFF 3 0.79 0.82 0.83
RPM 3 I00. II0. 140.
PR 5 I.I 1.3 1.4 2.0
EFF 5 0.8 0.81 0.815 0.82
EFF 5 0.81 0.81 0.82 0.84






2.2 ENGINE TABLES USED BY NNEP
The following is a list of the dependent and independent variables for
each table which may be included in the Engine Performance Map data base.













































Heat Exchanger F(X,Y,Z)=effect ivenes s
X=primary corrected air flow
Y=primary/secondary air flow rates
Z=O





Nozzle F(X,Y,Z)=gross thrust coefficient
X=pressure ratio at throat






Nozzle F(X,Y,Z)=nozzle exit area ratio




Turbine F(X,Y,Z)=corrected air flow




X=pressure ratio at design point
Y:corrected RPM
Z=flow angle
The use of this table format provides a flexible way of making changes in
the source code to include tubular variable definition. The user simply
adds the new table to the data base and includes in the source code a call
to the TLOOK routine to use the table.

3.0 INLETAND NOZZLE/AFTBODY PERFORMANCE MAPS
In order to run the installation portion of the NNEP program the user may
elect to specify the use of configuration maps which define the inlet and
nozzle/aftbody of an existing engine configuration. At present, there are
19 inlet, 9 nozzle/aftbody, 5 CFG and 1 delta CD nozzle/aftbody maps
available in the data base. These maps are in card image format and are
coupled to the program load module with the following DD statement:
//FT51FO01 DD DSN=(dataset name of inlet and nozzle/aftbody performance
maps), DFSP=OLD
3.1 INLET AND NOZZLE/AFTBODY MAP FORMATS
There are five groupings or sets of maps recognized by the installation






Inlet maps (long form)
Inlet maps (short form)
Nozzle/aftbody maps
Delta CD maps
Gross thrust coefficient (CFG) maps





In the next sections each of the maps as well as the map structures will
be covered in detail.
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3.2 TITLE CARD
Each of the five map sets is headed by a single card which includes
information regarding the type and name of the map set. The structure of





7 character descriptor naming
the map set.
This descriptor is the name which is used in
the namelist input to access
the desired mapset.
Type of map set code (ITYPE)
l=inlet mapset (long form)
2=nozzle/aftbody mapset
3=CFG mapset
4=inlet mapset (short form)
5=delta CD mapset
blank





The derivative parameters, to the maximum extent possible, are defined in
terms of geometric variables that can be easily related to an airplane
configuration. The following list shows the derivative parameters and







3. First Ramp or Cone
Angle
. Design Mach Number
(Mo Design)
5. Cowl Lip Bluntness
6. Takeoff Door Area




- Defined as inlet width divided by inlet lip
height (relative to tip position).
- Applicable to two-dimensional
inlets only
Defined as the percent of a full sideplate
area that is removed to define a partial
sideplate.
The upper edge of a full sideplate extends
from the ramp tip to the cowl lip.
- Applicable to two-dimensional
and axisymmetric inlets
Defined as surface ramp angle, in degrees,
relative to horizontal reference line for
two-dimensional inlets
Defined as cone surface angle, in degrees,
relative to inlet centerline for axisymmet-
ric inlets (cone half-angle)
- Applicable to all inlets
- Defined as the maximum Mach number at which
the inlet is designed to operate
- Applicable to all inlets
- Defined as the inlet lip surface radius
divided by the lip height.
- Applicable to all inlets
Defined as the total door area for the
takeoff auxiliary air system divided by the
inlet capture area
Applicable to all inlets
Defined as external cowl surface angle, in
degrees, relative to inlet horizontal refer-
ence line
Ii
8. Exit Nozzle Type
for Bleed
9. Exit Nozzle Angle
for Bleed
10. Exit Flap Aspect
Ratio for Bleed
(ARF)
11. Exit Flap Area
for Bleed
(AF/Ac)
I?. Exit Nozzle Type
for Bypass
13. Exit Nozzle Angle
for Bypass
14. Exit Flap Aspect
Ratio for Bypass
(ARF)








Applicable to two-dimensional and
axisymmetric inlets
Defines whether bleed exit nozzle is conver-
gent or convergent-divergent
Applicable to two-dimensional and
axisymmetric inlets
Defined as bleed exit nozzle angle, in
degrees, relative to inlet horizontal refer-
ence line
Applicable to two-dimensional and
axisymmetric inlets
Defined as flap width divided by flap length
Applicable to two-dimensional and
axisymmetric inlets
Defined as flap area divided by inlet cap-
ture area
Applicable to all inlets
Defines whether bypass exit nozzle is con-
vergent or convergent-divergent
Applicable to all inlets
Defined as bypass exit nozzle angle, in
degrees, relative to inlet horizontal refer-
ence line
Applicable to all inlets
Defined as flap width divided by flap length
Applicable to all inlets
Defined as flap area divided by inlet cap-
ture area
Applicable to all inlets
Defined as exit area (compressor face)
divided by entrance area (throat}
Applicable to all inlets
Defined as the total equivalent wall diver-








- Applicable to all inlets
F
- Defined by the equation PT2#TI-I.O- Ell
L
- Applicable to Pitot inlets
only
- Defined as the fixed throat area divided by
the inlet capture area
If this parameter is altered and the
subsonic diffuser area ratio is not, the
compressor face area is scaled with
throat area at a fixed capture (lip)
area.
g(1 + 0.2 Iw2)3-
Nozzle Aftbody Derivative Parameters
20. Nozzle/Aftbody Area
Distribution
Applicable to all nozzle/aftbodies.
Defined by the cross-sectional area
distribution as a function of station from
AIO (ref. area) to A9 (nozzle exit
area). Characterized by the parameter IMST
21. Radial Tail Orien-
tation Position
Applicable to all nozzle/aftbodies with
tails. Defined by the angular orientation of




- Applicable to all nozzle/aftbodies with
tails. Defined by the location of the aft
point of the tail/aftbody junction relative
to the aftbody length (XA10 - XA9 )
- Applicable to all nozzle/aftbodies with base
area. Defined by the ratio of the base area,
ABASE to the aftbody reference area, A10
Nozzle CFG Derivative Parameters
24. Plug Half Angle Applicable to round plug nozzles. Defined as
the half-angle of the plug centerbody
measured relative to the plug axial center-
line.
25. Ramp Half Angle Applicable to two-dimensional wedge nozzles.




Applicable to two-dimensional nozzles, both
C-D and wedge types. Defined by the ratio of






Applicable to convergent-divergent round and
2-D nozzles. Defined as the angle of the
diverging section nozzle wall relative to the
axial centerline of the nozzle.
3.3.1 INLET DERIVATIVE PARAMETER CARDS
The inlet derivative parameters provide the basic information describing
the configuration in terms of its important parameters. These data are
used by the derivative program as a starting point from which a new
configuration performance Is derived.
Card 1 Parameter Definition Format
Cols.
1-7 Aspect Ratio (2D only) F7.0
8-14 Sideplate Cutback (2D only) F7.0
15-21 First Ramp (cone) angle (deg) F7.0
22-28 Mach Number F7.O
29-35 Cowl Lip Bluntness F7.0
36-42 Takeoff Door Area F7.0
43-49 External Cowl Angle (deg) F7.0
50-56 Exit Nozzle Type for Bleed F7.0
57-63 Exit Nozzle Angle for Bleed (deg) F7.0








Exit Flap Area for Bleed
Exit Nozzle Type for Bypass
Exit Nozzle Angle for Bypass (deg)







29-35 Exit Flap Area for Bypass F7.0
36-42 Subsonic Diffuser Area Ratio F7.0
43-49 Subsonic Diffuser Total Wall Angle (deg) F7.0
50-56 Subsonic Diffuser Loss Coefficient F7.0
57-63 Throat to Capture Area Ratio (PITOT) F7.0
3.3.2 AFTBODY DERIVATIVE PARAMETER CARD
The aftbody derivative parameters provide the basic information describing
the configuration in terms of its important parameters. These data are
used by the derivative program as a starting point from which a new
configuration performance is derived.
Card 1 Parameter Definition Format
Cols.
I-7 Nozzle Static Pressure Ratio F7.0
8-14 Tail Fin Configurations (O-Fins, l-No Fins) FT.0
15-21 Tail Fin Angle (deg) F7.O
22-28 Tail Fin Fore-and-Aft Location Ratio F7.0
29-35 Base Area Ratio F7.0
Aftbody Station Versus Area Curves Derivative Parameter Cards
The area curves are used to calculate the IMS T parameter which is the
basic aftbody drag correlation parameter.
Card 1 Parameter Definition Format
Cols.
1-7 Number of Curves F7.0
15





No. Points for Curve i
No. Points for Curve 2
No. Points for Curve 10








• . Curve l Station Values (in.) •
64-70 XlO FT.0




• Curve l Area Values (sq. ft.) •
64-70 AIO F7.0
Etc. for the rest of the Area Ratios in C Table
3.3.3 CFG DERIVATIVE PARAMETERS
The nozzle/aftbody derivative parameters provide the basic information
describing the configuration in terms of its important parameters. These
data are used by the derivative program as a starting point from which a
new configuration performance is derived•
Card 1 Parameter Definition Format
Cols.
I-7 Plug Half Angle (deg) F7.0
8-14 Wedge Half Angle (deg) F7.0
15-21 Aspect Ratio F7.0
22-28 Divergence Half Angle (deg) F7.0
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3.3.4 DELTA CD AND INLET (SHORT FORM) DERIVATIVE PARAMETERS CARD
No derivative parameters are required for these maps.
3.4 NON-CHANGEABLE PARAMETERS
The non-changeable parameters provide information about the basic design
ground rules of the mapset configuration.
3.4.1 INLET (LONG FORM) NON-CHANGEABLE PARAMETERS CARD
Card 1 Parameter Definition Format
Cols.
1-7 Geometry Type F7.0
O. = axisymmetric inlet
1. = 2-D inlet
2. = PITOT inlet
Nominal Normal Shock Mach Number
Starting Mach Number
Nominal Throat Mach Number











1-7 Geometry Type F7.0
O. = axisymmetric
1.=2-D
8-14 Afterbody Type F7.0
I. = CD Axisymmetric Single Nozzle
2. = CD Axisymmetric Dual Nozzle
3. = CD 2-D Single Nozzle
4. = CD 2-D Dual Nozzle
5. = Plug Axisymmetric Single Nozzle
6. = Plug Axisymmetric Dual Nozzle
7. = Wedge 2-D Single Nozzle







CFG NON-CHANGEABLE PARAMETERS CARD
Parameter Definition
Table Format Type Flag
= 0 Table is CFG (PT8/PO,Ag/A8)
=-I Table is CFG (PT8/PO,PS)
=+1 Table is CFG (PT8/PO,A8}
Nozzle Type
1 = Round Convergent-Divergent
2 = 2-D Wedge
3 = Round Plug
4 = 2-D Convergent-Divergent
3.4.4 DELTA CD AND INLET (SHORT FORM) NON-CHANGEABLE PARAMETERS
Format
F7.0
No non-changeable parameters are defined for these maps.
3.5 MAP TABLE FORMAT
The values in the tables are in a 10F7.0 card format. The meanings of the
quantities placed in a card image differ depending on the type of table.





One dimensional = Type I
Two dimensional (symmetric) = Type 2
Two dimensional (non-symmetric) : Type 3
Three-dimensional : Type 4
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Table Definition Card Format
Table Name A7


















Two-Dimensional Table Definition (Symmetric) - TyRe 2
Table Definition Card Format
Table Title
Number of X Values








































Table Values for Y2'













































Number of X Values for






































X Values for Y2
(See Card 4)
Table Values for (X1-XIo,Y 2)
(See Card 5)






















NX = number of X values
NY = number of Y values
















































































Table Values for YI,Z2






Etc. until all Y and Z Values have been gone through
Table Examples
Examples of tables in each of the 4 formats are shown below:
Table 2E6.
.55 .7 .8 1.2 1.6 2.0
1.055 .935 .89 .846 .89 •935
Table Type I
Tables 7. 8.
O. .8489 .85 1.0 1.2 1.4 1,7 2.20
O. .04 .08 .12 .16 .20 .24
O. O. O. O. O. O. O.
O. O. O. O. O. O. O.
O. .062 .125 .198 .28 ,38 .50
O. .05 .10 .156 .217 .29 .375
O. .036 .075 .117 .162 .22 .29
O. .03 .062 .097 .135 .185 .241
O. .025 .052 .081 .116 .16 .216




7. 6. 7. 7. 8. 9.
.55 .70 .85 1.20 1.60 2.0
.7 .8 .9 1.0 1.055 1.075
.9915 .991 .985 .969 .95 .933
.6 .7 .8 .9 .95 .97
.99 .99 .985 .974 .945 .90
.5 .6 .7 .8 .85 .875
.99 .99 .989 .983 .975 .962
.5 .6 .7 .8 .85 .875
.98 .979 .977 .973 .967 .955
.500 .600 .700 .800 .850 .875
.976 .970 .965 .958 .955 .940
.5 .6 .7 .8 .9 .93



















2.180 3.930 5.680 7.430
.400 .875 1.350 1.825 2.300
.500 l.O00 1.500 2.000 3.000
.I05 0.000 -.I05 -.210 -.420
.ll4 0.000 -.ll4 -.227 -.455
.068 0.000 -.068 -.137 0.274
.015 0.000 -.015 -.030 -.061
.002 0.000 -.002 -.004 0.009
.036 0.000 -.036 -.071 -.143
.039 0.000 -.039 -.077 -.155
.023 0.000 -.023 -.047 -.093
.005 -.000 -.005 -.OlO -.021
.O01 0.000 -.OOl -.001 -.003
.020 0.000 -.070 -.041 -.081
.022 0.000 -.022 -.044 -.088
.013 -.000 -.013 -.027 -.053
.003 -.000 -.003 -.006 -.012
.000 0.000 -.000 -.001 -.002
.014 0.000 -.014 -.027 -.055
.015 0.000 -.015 -.030 -.059
.009 0.000 -.009 -.018 -.036
.002 0.000 -.002 -.004 -.008




3.5.1 INLET MAPS (LONG FORM)
This inlet map file consists of up to 15 tables. The tables are input in
sequential order and are listed below.
Table 1
A Type I table of Local Mach Number versus Freestream Mach Number. This
table is used to account for the fact that the local flow field ahead of
the inlet may be different from free-stream.




A Type 3 table of Recovery versus Mass Flow and Local Mach Number. This
table is used to obtain the inlet total pressure recovery as a function
of "engine plus bypass" mass flow ratio for each free-stream Mach number.
PTI/PT °






A Type 1 table of Matched Inlet Recovery versus Local Mach Number. This
table is used to obtain the "matched" inlet total pressure recovery for
sizing purposes and for mixed compression mode inlet operation at free-
stream Mach numbers greater than Mstart.
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Table 2B Matched Inlet Recovery
M
Table 2C
A Type I table of Matched Mass Flow versus Local Mach Number. The data
in this table are used to obtain the "matched" engine-plus-bypass mass
flow ratio for sizing purposes. The data from this table are also used
for mixed-compression inlet operation above starting Mach number,
Mstart.
AoIA =




A Type 1 table of Buzz Limit versus Local Mach Number. This table pro-
vides a first-order estimate of the minimum inlet mass flow ratio at












A Type 1 table of Distortion Limit versus Local Mach Number. This table
provides a first-order estimate of the maximum inlet mass flow ratio that










A Type 3 table of Spillage Drag versus Inlet Supply ratio and Local Mach
Number. This table provides the inlet spillage drag coefficient varia-
tion as a function of inlet mass flow ratio and Mach number. The drag
coefficient data are "zeroed-out" at a reference mass flow ratio which is
presented in Table 3B.




A Type 1 table of Reference Spillage Drag versus Local Mach Number. This
table presents the reference spillage drag coefficient as a function of
Mach number. This drag coefficient corresponds to the spillage drag of
the excess airflow between the reference mass flow ratio and a mass flow
ratio of 1.0.
Table 3A Reference Spillage Drag
1
(RefJ l _ _ "-"
Table 3B
A Type I table of Reference Mass Flow versus Local Mach Number. This
table specifies the reference mass flow used as a basis for spillage drag
calculation. The spillage drag at the reference mass flow ratio is




Table 3B Reference Mau Flow
! /]




A Type 2 table of Boundary Layer Bleed Drag versus Bleed Supply Ratio and
Local Mach Number. This table is used to obtain the boundary layer bleed
drag coefficient as a function of boundary layer bleed mass flow ratio
and Mach number. This table is used during operation in the external-
compression mode.
CD BLC







A Type 2 table of Bypass Drag versus Bypass Supply Ratio and Local Mach
Number. This table is used to obtain the bypass drag coefficient after
the amount of bypass mass flow is determined at a given local Mach number.
COBp







A Type 3 table of Bleed Supply ratio versus Ao/Ac and Local Mach
Number. This table supplies the data required to obtain the boundary
layer bleed mass flow ratio as a function of "engine-plus-bypass" mass
flow ratio for a given local Mach number. It is used in the external-
compression operating mode.
AO B LC IAc




A Type I table of Matched Boundary Layer Bleed ratio versus Local Mach
Number. This table provides the boundary layer bleed mass flow ratio for
mixed-compression mode operation. For mixed-compression operation it is
assumed that the bypass will be scheduled to keep the inlet operating at
the design shock position.
AOBLc/A©






A Type 3 table of Bypass Ratio versus Engine Supply ratio and Local Mach
Number. This table is used to schedule the amount of bypass mass flow as
a function of engine mass flow ratio and local Mach number for external-
compression mode operation.
Table 7 Bypass Mass Flow
A°BFIAc
3.5.2 NOZZLE/AFTBODY MAPS




The aftbody drag table is a type 2 (non-symmetric) table of aftbody drag
















The same table format is used for both round and two-dimensional nozzles;
however, the aftbody drag coefficient in the input table for the
two-dimensional nozzle is defined differently from that for the round










The definitions for the two nozzle/aftbody drag coefficients are
different because the experimental data for the two-dimensional nozzle as
obtained were nearly all based on the projected aftbody area,
(AIo-A9), rather than the cross-sectional reference area, Alo, as
was the case for the round nozzle. Therefore, for two-dimensional
nozzles, the input drag coefficient was defined as shown above to make
the most direct use of the available experimental data.
3.5.3 NOZZLE CFG MAP
The Gross Thrust Coefficient (CFG) mapset consists of a single table
which can have different formats depending on whether the nozzle is
axisymmetric or two-dimensional. These two possible formats are shown
below.
For a two-dimensional nozzle the table is a Type 2 table of nozzle thrust
coefficient versus PT8 /Po and PS.
I_fO-DIMENSI_ N_L_
: PT8 / Po
For a Round Nozzle the table is a Type 2 table of nozzle thrust
coefficient versus PT8/P 0 and A9/A 8.
I -- n , , t ;
_-_ _4 .






3.5.4 DELTA CD MAP
A type 4 table of aftbody drag correction versus pressure ratio, local
Mach number and AIO/A9 ratio. This table is optional and will be
defaulted to zero if it is not present as program input.





This inlet mapset consists of only two tables. This input data format
can be used if the inlet input data are available in the form of two
comprehensive maps which include all the individual effects. The two-map
format does not provide good visibility of the individual contributors to
drag and recovery, but is sometimes preferred by users wishing to know
only the total result. This format is not used very often because the
two-maps are normally obtained by starting with the 14 maps and convert-
ing them to two maps. Therefore, if the 14 maps are already available,
there is little reason to convert to the two-map format.
Table RF









A Type 2 table of Inlet Drag versus









4.0 DATA BASE DESCRIPTIONS AND LISTINGS
In the following sections the data basesused by the computer code are
exemplified. The NNEP engine performance data base is comprised of
component performance maps from the NASA LeRC lO00 series. The inlet and
nozle/aftbody data bases are comprised of performance maps for 19 inlets,
9 aftbodies, and 5 CFG configurations.
4.1 NNEP ENGINE PERFORMANCE DATA BASE




































































































































































































































































HIGH PRESSURE FAN WITH VARIABLE STATORS
-5.00 0.00 10.00
0.400 0.500 0.600 0.650
0.850 0.900 0.950 1.000
1.000 1.100 1.300 1.500
0.5826 0.6484 0.7800 0.8200
0.6289 0.6819 0.7800 0.8239
0.6854 0.7439 0.8073 0.8287






































































































































































































































































































































































































HIGH PRESSURE FAH MITH VARIABLE STATDRS
-5.00 0.00 10.00
0.400 0.500 0.600 0.650 0.700
0.850 0.900 0.950 1.000 1.050
1.000 1.100 1.300 1.500 1.700
1.1396 1.1396 1.1396 1.1323 !.1263
1.2141 1.2135 1.2121 1.2002 1.1928
1.3192 !.3185 !.3172 1.3052 1.2926
1.3990 1.3983 1.3957 1.3904 1.3724
1.4795 1.4788 1.4781 1.4655 1.4522
1.5872 1.5859 1.5752 1.5659 1.5486
1.6916 1.6896 1.6750 1.6630 1.6397
1.8572 1.8512 1.8312 1.8080 1.7767
2.0314 2.0241 2.0095 1.9809 1.9456
2.2003 2.1970 2.1804 2.1504 2.1152
2.3865 2.3832 2.3579 2.3220 2.2801
2.5481 2.5415 2.5062 2.4663 2.4198

























































































































































































































































































0.650 0.700 0.750 0.800
1.000 1.050 1.100
1.500 1.700 1.900 2.100
1.1990 1.1900 1.1730 1.1390
1.3010 1.2900 1.2750 1.2210
1.4590 1.4400 1.4050 1.3450
1.5870 1.5600 1.5190 1.4450
1.7000 1.6800 1.6350 1.5750
1.8510 1.8250 1.7690 1.7150
1.9970 1.9620 1.9000 1.8350
2.2150 2.1680 2.0950 2.0230
2.4750 2.4220 2.3350 2.2250
2.7300 2,6770 2.5800 2.4400
2.9880 2.9250 2.8100 2.6500
3.2050 3.1350 3.0100 2.8400
3.3800 3.2850 3,1500 3.0200
0.650 0.700 0.750 0.800
1.000 1.050 1.100
1.500 1.700 1.900 2.100
1.3323 1.3173 1.2889 1.2321
1.5027 1.4843 1.4592 1.3691
1.7665 1.7348 1.6763 1.5761
1.9803 1.9352 1.8667 1.7431
2.1690 2.1356 2.0604 1.9602
2.4212 2.3777 2.2842 2.1940
2.6650 2.6065 2.5030 2.3944
3.0290 2.9506 2.8286 2.7084
3.4632 3.3747 3.2294 3.0457
3.8891 3.8006 3.6386 3.4048
4.3200 4.2147 4.0227 3.7555
4.6823 4,565_ 4.3567 4.0728
4.9746 4.8159 4.5905 4.3734
PRESSURE COMPRESSOR _ITH VARIABLE STATORS
-5.00 0.00 10.00
0.600 0.700 0.750 0,800 0.810 0.820 0.830
0.840 0.850 0.860 0.870 0.900 0.935 0.985
1.035
1.000 1.050 1.150 1.300 1.450 1.600 1.750
0.1520 0.1580 0.1640 0.1730 0.1820 0.1840 0.1840
0.1910 0.1960 0.2060 0.2140 0.2210 0.2250 0.2260
0.2330 0.2440 0.2500 0.2550 0.2580 0.2600 0.2610
0.2690 0.2840 0.2930 0.3000 0.3040 0.3050 0.3060
0.3080 0.3230 0.3350 0.3480 0.3530 0.3550 0.3560
0.3690 0.3820 0.3930 0.4080 0.4170 0.4210 0.4240
0.4240 0.4380 0.4540 0.4700 0.4770 0.4800 0.4810
0.4580 0.4720 0.4860 0.5020 0.5100 0.5140 0.5160
0,4880 0.5030 0.5160 0.5300 0.5370 0.5410 0.5440
0.5240 0.5350 0.5510 0.5660 0.5750 0.5780 0.5800
0.5580 0.5710 0.5850 0.6020 0.6090 0.6110 0.6150
0.6430 0.6550 0.6680 0.6800 0.6850 0.6890 0.6910
0.7120 0.7250 0.7350 0.7480 0.7510 0.7530 0.7540
0.7860 0.7950 0.8040 0.8090 0.8100 0.8100 0.8100
0.8600 0.8600 0.8600 0.8600 0.8600 0.8600 0.8600
0.600 0.700 0.750 0.800 0.810 0.820 0.830
0.840 0.850 0,860 0.870 0.900 0.935 0.985
1.035
1.000 1.050 1.150 1.300 1.450 1.600 1.750
0.3520 0.3580 0.3640 0.3730 0.3820 0.3840 0.3840
0.3910 0.3960 0.4060 0.4140 0.4210 0.4250 0.4260
v









































































































































































































































































































0.800 0.810 0.820 0.830









































































1.050 1.'150 1.300 1.450 1.600 1.750
0.8500 0.7160 0.5450 0.3400 0.2000 0.2000
0.9080 0.8350 0.6600 0.4450 0.3150 0.2800

















































































































































































































































































































0,800 0,810 0.820 0.830



















1.000 1.050 1.150 1.300
2.0730 2.0120 1.7360 1.4600










































































3.1610 2.9470 2.6250 2.2260 1.7970 1.5360 1.4220
3.6060 3.3910 3.0690 2.6090 2.1650 1.8430 1.6670
4.0810 3.8200 3.5290 3.0690 2.5940 2.1880 1.9430
4.7400 4.4570 4.1420 3.6210 3.1080 2.6480 2.3030
5.3230 5.0700 4.7_00 4.1960 3.6060 3.0690 2.6320
5.6750 5.4300 5.0620 _.4870 3.8890 3.2990 2.8240"
6.0050 5.7670 5.3840 4.7550 4.1040 3.4910 2.9620
6.4030 6.1350 5.7360 5.0770 4.4030 3.7590 3.1690
6.8020 6.5030 6.0970 5.4070 4.6940 3.9660 3.3610
7.8210 7.4230 6.9550 6.1350 5.3300 4.5100 3.77_0
8.6490 8.1810 7.6600 6.7480 5.8510 4.9700 4.10_0
9.3690 8.9250 8.3580 7.3_60 6.3500 5.3530 4.4340
9.8140 9.6530 8.9630 7.8130 6.7710 5.7060 4.7020
0.600 0.700 0.750 0.800 0.810 0.820 0.830
0.840 0.850 0.860 0.870 0.900 0.935 0.985
1.035
1.000 1.050 1.150 1.300 1.450 1.600 1.750
2.7919 2.6900 2_2291 1.7682 1.2555 1.0000 1.0000
3.6620 3._065 2.9840 2.3828 1.7932 1._743 1.3841
4.6089 4.2515 3.7137 3.0474 2.3310 1.8951 1.7047
5.3520 4.9930 4.4552 3.6870 2.9455 2.4078 2.1139
6.1453 5.7094 5.2234 4.4552 3.6620 2.9840 2.5748
7.2458 6.7732 6.2471 5.3771 4.5204 3.7522 3.1760
8.2194 7.7969 7.2458 6.3373 5.3520 4.4552 3.7254
8.8072 8.3981 7.7835 6.8233 5.8246 4.8393 _.0461
9.3583 8.9609 8.3213 7.2708 6.1837 5.1600 4.2765
10.0230 9.5754 8.9091 7.8086 6.6830 5.6075 4.6222
10.6893 10.1900 9.5120 8.3597 7.1690 5.9532 4.9429
12.3911 11.7264 10.9448 9.5754 8.2311 6.8617 5.6326
13.7738 12.9923 12.1222 10.5992 9.1012 7.6299 6.1837
14.9762 i_.2347 13.2879 11.5978 9.9345 8.2695 6.7348
15.7194 15.4505 14.2982 12.3777 10.6376 8.8590 7.1823















































































































0.000 24.337 25.688 26.250 27.060 27.675 28.125










































































































LOW PRESSURE TURBINE WITH VARIABLE AREA
0.50 1.00 1.50
4000.0 5000.0 6000.0
1.000 1.020 1.100 1.150
1.400 1.600 1.700 1.900
0.000 9.250 17.100 19.550
26.300 29.500 30.500 31.500
0.000 7.750 15.600 18.400
25.500 28.550 29.700 30.800
0.000 7.750 15.100 17.300
24.400 27.625 28.750 30.250
4000.0 5000.0 6000.0
1.000 1.020 1.100 1.150
1.400 1.600 1.700 1.900
0.000 18.500 34.200 39.100
52.600 59.000 61.000 63.000
0.000 15.500 31.200 36.800
51.000 57.100 59.400 61.600
0.000 15.500 30.200 34.600






















































































































































































100 1.150 1.200 1.300 1.350
700 1.900 2.200 2.400 2.660
300 58.650 63.600 72.000 75.750
500 94.500 96.150 96.600 96.600
800 55.200 60.900 69.750 73.050
100 92.400 '94.650 95.400 95.625
300 51.900 57.375 66.300 69.900
250 90.750 93.150 93.900 94.350
lOW PRESSURE TURBIHE WITH VARIABLE AREA
0.50 1.00 1.50
3000.0 4000.0 4500.0 5000.0 6000.0
1.000 1.200 1.360 1.400 1.450 1.660 1.740
1.820 2.000 2.100 2.300 2.500 2.600 2.660
0.7983 0.8132 0.8221 0.8231 0.8233 0.8156 0.8107
0.8059 0.7956 0.7893 0.7830 0.7776 0.7767 0.7758
0.7998 0.8071 0.8127 0.8140 0.8156 0.8210 0.8227
0.8236 0.8236 0.8219 0.8183 0.8140 0.8119 0.8105
0.7929 0.8005 0.8064 0.8077 0.8095 0.8163 0.8185
0.&204 0.8231 0.8239 0.8240 0.8225 0.8213 0.8206
0.7961 0.8014 0.8052 0.8064 0.8075 0.8121 0.8138
0.8154 0.8185 0.8201 0.8225 0.8239 0.8240 0.8242
0.8147 0.8158 0.8164 0.8!67 0.8167 0.8176 0.8178
0.8181 0.8185 0.8190 0.8195 0.8199 0.8'199 0.8200
3000.0 4000.0 4500.0 500'0.0 6000.0
1.000 1.200 1.360 1.400 1.450 1.660 1.740
1.820 2.000 2.100 2.300 2.500 2.600 2.660
0.8870 0.9036 0.9135 0.9145 0.9148 0.9062 0.9007
0.8955 0.8840 0.8770 0.8700 0.8640 0.8630 0.8620
0.8887 0.8967 0.9030 0.9044 0.9062 0.9122 0.9141
0.9151 0.9151 0.9132 0.9092 0.9045 0.9021 0.9006
0.9810 0.8895 0.8960 0.8975 0.8995 0.9070 0.9095
0.9116 0.9146 0.9155 0.9156 0.9139 0.9126 0.9117
0.8846 0.8905 0.8947 0.8960 0.8972 0.9023 0.9042
0.9060 0.9095 0.9112 0.9139 0.9154 0.9156 0.9158
0.9052 0.9064 0.9071 0.9074 0.9075 0.9084 0.9087
0.9090 0.9095 0.9100 0.9105 0.9110 0.9110 0.9111
3000.0 4000.0 4500.0 5000.0 6000.0
1.000 1.200 1.360 1.400 1.450 1.660 1.740
1.820 2.000 2.100 2.300 2.500 2.600 2.660
0.7983 0.8132 0.8221 0.8231 0.8233 0.8156 0.8107
0.8059 0.7956 0.7893 0.7830 0.7776 0.7767 0.7758
0.7998 0.8071 0.8127 0.8140 0.8156 0.8210 0.8227
0.8236 0.8236 0.8219 0.8183 0.8140 0.8119 0.8105
0.7929 0.8005 0.8064 0.8077 0.8095 0.8163 0.8185
0.8204 0.8231 0.8239 0.8240 0.8225 0.8213 0.8206
0.7961 0.8014 0.8052 0.8064 0.8075 0.8121 0.8138
0.8154 0.8185 0.8201 0.8225 0%8239 0.8240 0.8242
0.8147 0.8158 0.8164 0.8167 0.8167 0.8176 0.8178
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4.2 INLET AND NOZZLE/AFTBODY DATA BASE
4.2.1 INLET CONFIGURATIONS AND PERFORMANCE MAPS
In this section each of the nineteen inlet configurations of the library
data base will be depicted with a description of the inlet's design, a
sketch of inlet geometry, a list of its derivative and non-changable
parameters and its performance characteristics displayed in tabular and
plotted formats. Since some inlet designs do not require bypass or bleed
systems, the respective tables would be zeroed out and therefore, these
plots will not be shown. Also, since some inlet configurations show no
variation between local inlet Mach number and free-stream Mach number a
plot of this table will be deleted.
A summary of the inlet types that are included in the inlet library is
presented in Figure I as a function of design Mach number. A brief
description of the sources used to obtain the inlet configurations and
performance data is presented in Figure 2. The derivative parameters for
each of the inlet configurations are summarized in Figure 3.
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INLET CONFIGURATIONS AND SOURCES OF DATA
USED TO DEVELOP THE INLET MAPS
A-7 type inlet; developed from published A-7 data ind engineering analysis
F-8 type Inlet; developed from published F-8 inlet data and mnmlysis
Subsonic inlet tyl>l; based on data end methods from Boeing subsonic Inlet(i.e., 707,727, etr.J
Subsonic inlet type; based on data and methods used to develop Boeing 747-type Inlets
Normal shock inlet; based on data from Rockwell tests of'F-100 airplane Inlet
Normal shock-type Inlet; based on data from Rockwell F-100 inlet. Boeing LWF
•inlet tests, and GD LWF inlet data
Fixed-Geometry, 2-shock inlet; based on data from Boeing LWF inlet tests
Four-shock, ¥_rlable ramp Inlet; theoretical design based on analysis, optimized for M o - 2.0
Four-shock, variable ramp inlet; based on data from NR inlet tests of IPS model
Fixed-Geometry, dngle cone Inlet; based on analytical design for 8 Me " 1.6 VTOL
Three-Shock, half-round inlet with variable-diameter oenterbody; analytical design for a
supersonic Navy Vl"OL configuration
Three-shock, half-round inlet with variable second cone angle; GD tailor-mate tests
Mixed-compression; analytical design documented In AFFDL-TR-72-147-vol IV
Mixed compression; based on XB-70 type configuration and data
!
Mixed compression; based on NASA AMES configuration and tests of a mach 3.5, 2-D inlet
Mixed compression axisymmetrlc; based on a Boeing analytical study of an AST
inlet for NASA AMES
Mixed compression 8xisymmetric; based on data from NASA AMES tests of Mo ,. 3.0 inlet
Mixed compression axisymmetric; based on results of Boeing analytical studies for a
NASA AMES roach 3.5 inlet
Mixed compression 2-D; based on results of Boeing/Rockwell studies for a SST inlet
Figure 2 Sources of Data for Inlet Maps
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The inlet configurations that are represented in the library of
performance characteristics have been selected after considering the
following factors:
(1) At each design Mach number, the configuration must be typical of
an inlet that could reasonably be used at that Mach number.
Design Mach number affects such design features as variable
geometry, number of compression ramps, boundary layer bleed
system design, and mixed vs external compression scheme. The
manner in which typical inlet design features vary as design
Mach number is increased is illustrated in Figure 4. In
general, the trend is toward more inlet complexity and more
variable geometry as design Mach number is increased, (assuming
a high level of total pressure recovery is to be maintained).
Experimental data are available for several inlet configurations
and were used to provide well-substantiated inlet performance
maps. It has been an objective of the program to use
experimental data whenever it is available. Examples of some of
the useful sources of data that have been utilized in developing
the inlet performance characteristics are:
Tailor-Mate tests (Reference l), F-15 inlet tests (Reference 2),
Boeing LWF tests (Reference 3), XB-70 tests (Reference 4), NAR
F-lO0 inlet tests (Reference 5), and Boeing subsonic inlet tests
(Reference 6).
(3) Several sets of inlet performance characteristics were available
from previous Air Force Contract F33615-72-C-1580 (Reference
7). These data were used for Configurations NS2, LWF, ASF,
VSTOL, FB, and INT, largely unchanged, except for some revisions
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4.2.1.1 INLET CONFIGURATION - 'A7' -.SUBSONIC_ CHIN INLET FOR ALL INLETS
This inlet is a subsonic, scoop-type inlet mounted under the nose of the
forebody. No boundary layer bleed or bypass are employed, and the con-
figuration is characterized by a rather long subsonic diffuser. A rea-
sonably blunt cowl lip is used and angle-of-attack shielding is provided
by the presence of the fuselage forebody. This configuration is similar
to the A-7 aircraft inlet. Available inlet test data from similar con-
figurations were supplemented by engineering analyses (such as the cal-
culation procedures in Reference 7) to develop the maps of inlet perfor-
mance. A sketch of the inlet configuration is shown in Figure 4. The
performance characteristics of the inlet are presented in Figure 5.
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4.2.1.2 INLET CONFIGURATION 'F8'- SUPERSONIC_ CHIN INLET
This inlet is a fixed geometry, nose-mounted cone-scoop configuration.
The inlet has no boundary layer control bleed system or bypass system.
It is designed for a maximum Mach number of 1.60. The cowl lip is rela-
tively sharp, and the subsonic diffuser is relatively long. The inlet
performance characteristics for this inlet were developed from the data
published in Reference 8 and analyses methods described in Reference 1.
A sketch of the inlet geometry is presented in Figure 6. The performance
characteristics of the inlet are presented in Figure 7.
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4.2.1.3 INLET CONFIGURATION 'M5SUB' - SUBSONIC_ PITOT INLET
This inlet is designed for a Mach number of 0.5. It has a very blunt
lip; no bleed or bypass systems are used and the subsonic diffuser is
short.
The performance characteristics of this inlet were generated from test
data obtained during wind tunnel tests to develop the 747 fixed-lip inlet
(Reference 9). A sketch of the inlet is presented in Figure 8 and the
inlet performance characteristics are presented in Figure 9.
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Figure 10. Performance Characteristics for Inlet Configuration - 'M5SUB'- (continued)
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4.2.1.4 INLET CONFIGURATION 'MgSUB' - SUBSONIC_ PITOT-TYPE INLET
This subsonic inlet is designed for a Mach number of 0.8. It has a
relatively thin lip (for a subsonic inlet) and has no boundary layer
bleed or bypass system. Blow-in doors are used at takeoff and low speed.
The performance characteristics of this inlet were developed from the
data of Reference 9. A sketch of the inlet is presented in Figure 10 and
the inlet performance characteristics are presented in Figure 11.
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4.2.1.5 INLET CONFIGURATION 'NS' - SUPERSONIC_ NORMAL SHOCK INLET
This inlet is designed for a Mach number of 1.50. It has no bleed or
bypass system. The subsonic diffuser is relatively long and the cowl lip
is relatively sharp, for reduced drag at supersonic speeds.
The inlet performance characteristics are based on the test data con-
tained in Reference 5. The inlet geometry is shown in Figue 12 and the
inlet performance characteristics are presented in Figure 13.
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4.2.1.6 INLET CONFIGURATION 'NS2' - SUPERSONIC_ NORMAL SHOCK INLET
This inlet has no boundary layer bleed or bypass system. Cowl lips are
sharp, for reduced drag at higher supersonic Mach numbers.
The inlet performance characteristics are based on the test data from
Reference 5 up to Mach 1.5. Above Mach 1.5 inlet performance is calcu L
lated from normal shock total pressure losses and subsonic diffuser
losses for a duct loss coefficient, E = .12. Unpublished test data were
also available for a normal shock inlet up to Mach 2.0 from Boeing Light-
weight Fighter inlet development tests. These data were used to substan-
tiate the recovery predictions. The inlet geometry is shown in Figure 14
and the inlet performance characteristics are presented in Figure 15.
I__._














A.5 0.6 0.7 _ 0..9 1.0 1.1
,%
u































0.2 0.4 OJ O_ 1.0
A¢
Performance Characteristics for Inlet Configuration
115















































































































































































































































































































































































































































































































































































































































































































4.2.1.7 INLET CONFIGURATION 'LWF' - FIXED GEOMETRY I TWO-SHOCK INLET
This inlet configuration has a single 7o external ramp compression
surface and is equipped with a throat slot for boundary layer bleed.
Bleed air is dumped overboard through a fixed geometry convergent nozzle
at an exit angle of 15o. The sideplates are cutback 75% (as compared
to full sideplates-ramp tip to cowl lip). The inlet is designed for Mach
1.6, but will operate up to Mach 2.0 without ramp shock ingestion. The
performance characteristics of this inlet are based on test data from
Reference 10 and engineering analysis. A sketch of the inlet geometry is
shown in Figure 16 and the inlet performance characteristics are pre-
sented in Figure 17.
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4.2.1.8 INLET CONFIGURATION 'ATS2' - VARIABLE RAMP_ FOUR-SHOCK_
TWO-DIMENSIONAL, EXTERNAL COMPRESSION INLET
This inlet has two movable external ramps, a 7.3o initial ramp angle, a
boundary layer control bleed system consisting of porous bleed on the
second and third ramp surfaces, sideplates, and a throat bleed slot
located aft of tile normal shock. The throat slot also acts as a bypass
to remove excess inlet airflow for matching engine airflow demand with
inlet supply.
The inlet performance characteristics were build up from engineering
analyses and available data from similar configurations and components.
The inlet geometry is shown in Figure 18 and the inlet performance char-
acteristics are presented in Figure 19.
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4.2.1.9 INLET CONFIGURATION 'ASF' - FOUR-SHOCK_ VARIABLE-GEOMETRY_
EXTERNAL COMPRESSION, TWO-DIMENSIONAL INLET
This inlet is designed to have shock-on-lip at Mach 2.5. The inlet is an
external compression, horizontal ramp design. It has internal boundary
layer bleed through a porous third ramp panel and a throat panel. The
bleed from each of these panels is collected in separate, divided plenum
compartments and then is exited overboard through convergent nozzles
provided by exit louvers. The bleed flow is exited at an angle of 20
degrees relative to the fuselage reference line. The inlet is oriented
down at an angle of 2 degrees relative to the F.R.P. so that the initial
fixed ramp angle of 4 degrees (relative to the F.R.P.) will provide 6
degrees of compression at the +2 degrees angle of attack flight attitude.
The first two ramps are fixed, but the third ramp and throat panel are
movable. This provides capability to vary shock geometry and throat
area. The maximum throat area corresponds to Athroat/A c = .70. This
is obtainable by collapsing the third ramp to the 6-degree position.
A bypass system is provided forward of the engine entrance to dump excess
inlet air overboard. The bypass doors are convergent-divergent nozzles
provided by movable doors. Thebypass air is collected through porous
material into a plenum chamber surrounding the duct, then is exited
through the doors.
To achieve high performance at takeoff (M = .20), either the maximum
throat area would have to be increased or takeoff doors may be added.
This'inlet configuration is based on the model configuration and data of
Reference 11. The inlet configuration in shown in Figure 20, and the
inlet performance characteristics are presented in Figure 21.
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4.2.1.10 INLET CONFIGURATION 'VSTOL' - HALF-ROUND, EXTERNAL
COMPRESSION_ TRANSLATING-SPIKE INLET
The side mounted half-round inlets have translating 25 degrees half-angle
cone centerbodies. The movable centerbody is used to provide a large
throat area for low speed operation and, by translating forward, can also
provide shock-on-lip for high recovery, low drag supersonic operation at
Mach 1.60.
A moderately blunted, fixed cowl lip and large blow-in doors are used to
achieve high total pressure recovery and low distortion at static and
low-speed conditions.
No boundary layer bleed or bypass are used. In the normal process of
developing an inlet of this type, wind tunnel tests would be conducted to
optimize the inlet configuration. If these tests show that the addition
of internal boundary layer bleed is necessary, no more than I - 2% of
inlet air would be required for bleed. The addition of this bleed would
not significantly change the configuration.
The inlet performance characteristics of this configuration are based on
engineering analysis. The inlet configuration is shown in Figure 22 and
the inlet performance characteristics are presented in Figure 23.







0 0.4 0.8 1.2 1.6
M_










Ac " 1,860 In.2
0`4














0 0.4 0,8 1.2 1.6
M o















0 0.4 O.8 1.2 1.5
Mo

































0 0.4 0.8 1.2 1.6
Figure 24. Performance Characteristics for Inlet Configuration - 'VSTOL' - (continued
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4.2.1.11 INLET CONFIGURATION 'NVSTOL' - HALF-ROUND_
EXPANDING-CENTERBODY_ THREE-SHOCKp EXTERNAL COMPRESSION INLET
This inlet uses an expanding second cone to achieve changes in compres-
sion surface angle and throat area. Boundary layer bleed is provided in
the form of porosity on the second cone and a throat slot.
The inlet performance characteristics are based on the results of engin-
eering analysis. The geometric features of the inlet are shown in Figure
24. The inlet performance characteristics are presented in Figure 25.
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Figure 26. Performance Characteristics for Inlet Configuration- 'NVSTOL'- (continued)
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4.2.1.12 INLET CONFIGURATION 'TMIB3' - HALF-ROUND_ THREE-SHOCK_
EXTERNAL COMPRESSION_ VARIABLE CONE INLET
This inlet has a fixed 18o first cone angle and a variable second cone
angle. Porous plate boundary layer bleed is provided on the second cone
in the region of the design terminal shock location. The boundary layer
bleed flow is routed aft and exits through low angle louvers or a door
well aft of the cowl lip. Design throat Mach number is 0.7.
The inlet performance characteristics of this configuration are based on
data from Reference i and engineering analysis. The geometry of the
inlet is shown in Figure 26 and the inlet performance characteristics are
presented in Figure 27.
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4.2.1.13 INLET CONFIGURATION 'FB' - MIXED COMPRESSION_ TWO-DIMENSIONAL_
VARIABLE-GEOMETRY INLET
The mixed compression inlet is a Suitable candidate for the fighter/
bomber mission instead of an external compression inlet because it offers
the potential for higher pressure recovery, lower drag, and better match-
ing characteristics for the sustained Mach 2.5 high speed flight condi-
tion. Also, it does not have to meet the same requirements for extremely
high maneuverability (high angles-of-attack), which would be difficult to
control for the mixed compression inlet.
Boundary layer bleed is accomplished by use of porous ramps, cowl, and
side-plates. Bleed air is collected in divided plenum chambers behind
the porous walls and is then dumped overboard through choked convergent
nozzles as near the plenum chamber as possible. Divided plenums are used
to provide optimum bleed capability at lowest drag penalty. Movable ramp
and throat panels are used to achieve the best inlet geometry over a wide
range of Flight Mach numbers.
A bypass system is also used to dump excess inlet air overboard and
maintain the terminal shock in its design location just downstream of the
geometric throat during started operation and just forward of the lip
during external compression operation (M< 2.0). Bypass doors are
assumed to be variable geometry C-D nozzles.
For takeoff and low speed operation, the ramp system is collapsed to
provide a maximum throat area equal to 0.765Ac. Takeoff doors having a
throat area equal to .12 Ac per engine will also be required. These
should be located near the aft end of the subsonic diffuser near the
engine.
The ramp geometry was selected to provide shock on lip operation at Mach
2.60. This provides a small margin for angle-of-attack transients and
overspeed at Mach 2.50.
Precedingpageblank
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The inlet performance characteristics are based largely on the results of
a study documented in Reference 12. The inlet geometry is shown in
Figure 28 and the inlet performance characteristics are presented in
Figure 29.
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4.2.1.14 INLET CONFIGURATION 'INT' - MIXED COMPRESSION_
VARIABLE GEOMETRY_ TWO-DIMENSIONAL INLET
The inlet is a.mixed-compression type, with inlet "starting" occurring at
Mach 2.0. Below Mach 2.0, the inlet operates in the external compression
mode. Extensive boundary layer bleed is used on the inlet internal
ramps, sideplates, and cowl to avoid problems with shock-boundary layer
interactions. Three separate plenum chambers are used for collecting the
boundary layer bleed air before it is exited overboard through choked
convergent exit nozzles. The use of three separate plenums makes it
possible to operate with a relatively high plenum pressure and hence,
less drag.
The inlet ramp system is designed to provide shock-on-lip operation at
Mach 3.0. Approximately I% supersonic spillage is allowed to help insure
that shocks are not ingested at inadvertent overspeed conditions or
transient angle-of-attack maneuvers. Full sideplates are provided to
minimize sideplate spillage.
A variable bypass sytem is provided ahead of the engine to bypass excess
inlet airflow and help restart the inlet. The maximum bypass door throat
area is 0.50 AC. It is assumed that a maximum inlet throat area equal
to at least 0.70 AC can be achieved by retracting the ramps. The
requirement for takeoff doors to provide good recovery and low distortion
during takeoff can be examined when engine airflow demand characteris-
tics are known.
The total pressure recovery versus mass flow plots have been estimated by
Jsing the test results from XB-70, (Reference 4), SST, Boeing in-house
studies and tests, and theory. The inlet geometry is shown in Figure 30
and the inlet performance characteristics are presented in Figure 31.
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4.2.1.15 INLET CONFIGURATION 'M352D' - MIXED COMPRESSION_
VARIABLE-GEOMETRY_ TWO-DIMENSIONAL INLET
The initial ramp surface angle is fixed at 7o. Boundary layer bleed is
collected in three divided plenum chambers.
The inlet performance characteristics for this configuration are based on
the data contained in Reference 13 and engineering analysis. The geom-
etry of the inlet is shown in Figure 31 and the inlet performance charac-
teristics are presented in Figure 32.
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4.2.1.16 INLET CONFIGURATION 'AST' - MIXED-COMPRESSION_ AXISYMMETRIC_
TRANSLATING-CENTERBODY INLET
This inlet configuration utilizes a sophisticated boundary layer control
bleed system developed using the analytical techniques described in
Reference 11. The inlet starting Mach number is 1.60.
The inlet performance characteristics of this configuration were obtained
from information contained in Reference 15 and engineering analysis. The
geometry of the inlet is shown in Figure 33 and the performance charac-
teristics are presented in Figure 34.



















































Figure 36. Performance Characteristics for Inlet Configuration- 'AST' - (continued)
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4.2.1.17 INLET CONFIGURATION 'NASA3' - MIXED-COMPRESSION_ AXISYMMETRIC_
TRANSLATING CENTERBODY INLET
The design Mach number for this inlet is 3.0. The initial cone angle is
i0o. Boundary layer control bleed flow is removed through porous bleed
holes on cowl and centerbody surfaces. Four individual bleed zones were
provided.
The performance characteristics of this inlet are based on the design
studies and data reported in Reference 16 and engineering analysis. The
inlet geometry is shown in Figure 35 and the inlet performance charac-
teristics are presented in Figure 36.
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4.2.1.18 INLET CONFIGURATION 'BCAC35' - MIXED-COMPRESSION_ AXISYMMETRIC,
TRANSLATING CENTERBODY INLET
The mixed-compression inlet was designed for a Mach number of 3.5, A
sophisticated boundary layer control bleed system was provided based on
the results of detailed analyses. The cowl bleed system included four
separate bleed plenums with separate overboard exits for each plenum,
The centerbody includes 12 bleed plenums in a "traveling" bleed arrange-
ment. Excess inlet airflow can be exited through bypass doors.
The inlet performance characteristics of this configuration are based on
the data and design in Reference 17, supplemented with additional engin-
eering analyses. The inlet geometry is shown in Figure 37 and the per-
formance characteristics are presented in Figure 38.
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4.2.1.19 INLET CONFIGURATION 'R2DSST' - MACH 2.6 MIXED-COMPRESSION
VARIABLE GEOMETRY_ TWO DIMENSIONAL INLET
The initial two ramp surface angles are fixed at 5o and 9o. Boundary
layer bleed is provided on the third, fourth, and throat ramp panels,
sidewalls, and cowl. The boundary layer bleed air is collected in four
divided plenum chambers.
The inlet configuration and performance characteristics are based on data
contained in Reference 18 and engineering analysis. The geometry of the
inlet is shown in Figure 41 and the inlet performance characteristics are
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4.2.2 NOZZLE/AFTBODY CONFIGURATIONS AND PERFORMANCE CHARACTERISTICS
Nine different nozzle/aftbody configuration concepts were selected to use
for generating a library of aftbody drag characteristics. The types of
aftbodies selected are shown in Figure 43, together with the four basic
nozzle types used to generate nozzle CFG maps.
As shown in Figure 43, each of the aftbodies has a namelist name
associated with it that represents the aftbody drag map data in tabulated
form. Figure 44 presents a summary of each of the aftbody configurations
and sources of the aftbody drag maps.
Following Figure 44, each of the nozzle/aftbody configuration area dis-
tributions is presented along with the predicted drag map for that con-
figuration. The drag maps shown are for the fully-expanded
(Pg/Po = 1.0) condition.
The derivative parameters for each of the baseline aftbody configurations






A "baseline" area distribution that consists of a table of
coordinates of body cross-sectional area versus fuselage station
A "baseline" radial tail orientation angle. (The program is
structured to accept an input table of incremental drag coeffi-
cient as a function of free-stream Mach number and radial tail
attachment angle. Insufficient data are available at present,
however, to complete the data tables; therefore, the incremental
drag correction is zero for all configurations.)
A "baseline" fore-and-aft tail position, (X - X9)/(Xlo -
x9)





















































data relating drag as a
function of R/D M, ,
pglPo' and DglD_o,
checked by single nozzle
experimental data in IMS
method.
Twin axisymmetric convergent-
divergent nozzles in a closely-
spaced aftbody installation
based on Boeing ATS studies
CD2R Calculated IMST para-
meters from area distribu-
tion; Drag correlations vs.
IMST from ESIP contract
test results.
Single axisymmetric plug nozzle
installation based on using a
plug nozzle installed on the
same aftbody as in Configura-
ation #1 above
DRPI Calculated IMST para-
meters from area distribu-
tion; Drag correlations vs.
IMSTfrom plug nozzle
test data
Twin axisymmetric plug nozzle
installation based on using a
twin plug nozzle installed on
the same aftbody as in Config-
uration 2 above
DRP2 Calculated IMST para-
meters from area distribu-
tions; Drag correlations
vs. IMST from plug nozzle
test data
Single two-dimensiOnal conver-
gent-divergent nozzle in an
ATS-type aftbody configuration
DCD2DI Calculated IMST para-
meters from area distribu-
tions; Drag correlations
vs. IMST were same as
2-D wedge nozzle
correlations
Figure 44 - Summary of Nozzle/Aftbody Drag Maps
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Twin-two dimensional convergent-
divergent nozzles in an ATS-type
closely-spaced aftbody configur-
ation
DCD2D2 Calculated IMST para-
meters from area distri-
butions; Drag correlations




nozzle installed in a super-
cruiser aftbody
SING2D Calculated IMST para-






nozzles installed in closely-
spaced ATS-type configuration
aftbody
ATS2DM3 Calculated IMST para-







system utilizing a 2-D
variable geometry CD flap
assembly to control A8 and a 2-D
variable ventrol flap to con-
trol internal area ratio.
ADENAB Calculated IMS T para-
meters from area distri-
butions; Drag correlations
vs. IMST were same as
2-D wedge nozzle. Drag
levels were then refined
based on nozle test data







































































































































The baseline area distributions are presented in this section for each of
the library aftbody configurations. As discussed above, radial tail
location effects data maps are not available due to insufficient data.
Baseline fore-and-aft tail locations for each configuration are shown in
the figures that accompany each area distribution plot. Each of the
baseline nozzle/aftbody configurations has no base area; therefore the
"baseline" base area ratios, AB/AIo for all configurations is zero.
The nozzle/aftbody configurations and their associated drag maps are
presented in Figure 46 through 63.
350
4.2.2.1 SINGLE ROUND C-D NOZZLE INSTALLATION - '208NTTY'



























Figure 46 Nozzle/Aftbody Area Distribution for a Single Round C-D
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Figure 48. Nozzle/Aftbody Area Distribution for a Twin
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4.2.2.3 SINGLE ROUND PLUG NOZZLE INSTALLATION - 'DRPI'
































Figure 50 Nozzle/Aftbody Area Distribution for a Single Rcund Plug
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ROUND PLUG NOZZLE INSTALLATION
- 'DRP2'
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4.2.2.6 TWIN C-D, 2.-D NOZZLE INSTALLATION / /
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4.2.2.7 SINGLE 2-D WEDGE NOZZLE INSTALLATION - 'SING2D'
(X10- X9)
(X- X9}
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4.2.2.8 TWIN 2-D WEDGE NOZZLE INSTALLATION
'ATS2DM3'
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Figure 60 Nozzle/Aftbody Area Distribution for a Twin 2-D Wedge
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4.2.2.9 ADEN NOZZLE INSTALLATION - 'ADENAB'
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Figure 62 Nozzle/Aftbody Area Distribution for an ADEN Nozzle
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4.2.3 NOZZLE INTERNAL CONFIGURATIONS AND CFG MAPS
Five different nozzle internal configurations were selected and utilized













Each of the nozzle configurations is described in this section of the
report, followed by plotted data showing the variation of nozzle gross
thrust coefficient, CF , as a function of nozzle total pressure
ratio PT8/Po, power se_ting PS or jet area A8.




































































4.2.3.1 NOZZLE CONFIGURATION 'CVI' - AXISYMMETRIC_ cONVERGENT-DIVERGENT
NOZZLE
Axisymmetric convergent-divergent nozzles can vary in complexity from a
lightweight fixed geometry to a relatively heavy fully variable exit area
and throat area design. The configuration selected for this study is a
simple variation of the fixed geometry design utilization mechanically
slaved nozzle exit area and throat area to obtain variable internal
expansion as a function of powersetting (throat area). This type of
design is currently used on the JIOI/F404 and FIO0 turbofan engines. The
baseline nozzle internal divergence half-angle ( DIV ) for this config-
uration is 11.45 o which occurs at a nozzle area ratio of 1.60. The
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4.2.3.2 NOZZLE CONFIGURATION -'CVRP'- AXISYMMETRIC PLUS NOZZLE
Important design variables of axisymmetric plug nozzles include the plug
angle, cowl internal angle, cowl exit to throat area ratio, throat in-
clination angle, and cowl boattail angle. Various methods can be applied
to achieve plug nozzle throat area variation. The selected plug config-
uration shown above utilizes variable plug and cowl geometry to achieve
throat area and expansion area ratio control at dry and A/B powersetting.
The baseline plug half-angle, p, for this configuration is 100 . The
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4.2.3.3 NOZZLE CONFIGURATION -'CV2DCD' - TWO-DIMENSIONAL
CONVERGENT-DIVERGENT NOZZLE
The non-axisymmetric C-D nozzle configuration is based on concepts
studied under the AFFDL Non-Axisymmetric Nozzle program (ITESC). The
concept allows independent actuation to control throat area and exit
area. The design employs divergent flaps to achieve a maximum internal
area ratio of 1.6. The sidewalls are cut back to reduce weight and
cooling requirements. The baseline aspect ratio for this configuration
is 1.0. The baseline divergence half-angle, DIV' is 220 at a nozzle
area ratio Ag/A 8 of 1.6. The geometry of the nozzle and the perfor-
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4.2.3.4 NOZZLE CONFIGURATION -'CV2D'- TWO-DIMENSIONAL WEDGE NOZZLE
The non-axisymmetric wedge nozzle configuration is the Boeing 2-D Air-
frame Integrated Nozzle concept featuring airframe/nozzle structural and
aerodynamic integration. A variable geometry centerbody wedge provides
independent throat and exit area control allowing optimization of thrust/
drag performance over a wide range of dry and A/B powersetting. The cowl
geometry is fixed. The baseline aspect ratio for this configuration is
1.0 and the baseline wedge half-angle, p, is I0 °. The nozzle geom-






















f I + !
I






































































































































._.l.._._/_ • _ _ ,':'_ _. _""I
_ • • • r .I.
406
4.2.3.5 NOZZLE CONFIGURATION - 'ADENCFG' - TWO DIMENSIONAL SINGLE RAMP
NOZZLE
The ADEN nozzle is a 2D variable area external expansion exhaust system.
Its basic components consist of:
o A 2D variable geometry convergent-divergent flap assembly
controling throat area
o A 2D variable ventral flap that controls internal area ratio
o a 2D variable external expansion ramp
o a rotating deflector for a full range of thrust vectoring from
Oo tp llOo
The nozzle/aftbody characteristics given are for the deflector in its
towed position (0o deflection). The nozzle geometry and performance
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4.2.4 DELTA CD MAP - ADPRCOR
This section contains a single delta drag correction for the CD2R
nozzle. This table was produced by an independent run of the derivative
processor and is contained here as an example of this type of table (see
Figure 70). This table allows the aftbody drag to include changes due to
fluctuations in aftbody pressure ratio.
410
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Figure 70 CD2R Fressure Ccrrection Table
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